The quantitative contributions of hemoglobin and myoglobin oxygenation in skeletal muscle depend on physiological factors, especially muscle blood flow (Q m ) and capillary permeability-surface area (PS). Near-infrared spectroscopy (NIRS) can be used to quantify total heme oxidation, but it is unable to distinguish between hemoglobin and myoglobin. Therefore, a mechanistic computational model has been developed to distinguish the contributions of oxygenated hemoglobin and myoglobin to the total NIRS signal. Model simulations predict how Q m and PS can affect oxygenated hemoglobin and myoglobin. Although both hemoglobin and myoglobin oxygenation decrease with impaired Q m , simulations show that myoglobin provides a greater contribution to the overall NIRS signal. A decrease of PS primarily affects myoglobin oxygenation. Based on model simulations, the contribution of myoglobin oxygenation to the total NIRS signal can be significantly different under pathophysiological conditions, such as diabetes and peripheral arterial disorder.
Introduction
Muscle responses to exercise stimulus involve oxygen transport and metabolic processes characterized by dynamic responses of pulmonary oxygen uptake (VO 2p ) and muscle oxygenation (SmO 2 ) measured by indirect calorimetry (IC) and NIRS. The NIRS measurement of heme oxygenation in perfused tissue is limited because NIRS cannot distinguish between hemoglobin and myoglobin. The relative contribution of myoglobin to the NIRS signal in tissue is still under investigation [1, 2, 3] . Several factors can affect the NIRS signal during muscle contraction. These include heterogeneity of muscle blood flow and oxygen utilization (UO 2m ), capillary recruitment and fractional volume distribution of blood and muscle fibers. Also, during muscle contraction, the relative contributions of hemoglobin and myoglobin to the NIRS sig-nal from tissue may change depending on oxygen delivery (convection and diffusion) and blood volume [4] .
Pathophysiological conditions affect the central and peripheral processes responsible for the regulation of energy metabolism. At the peripheral level of skeletal muscle, SmO 2 dynamic responses can be slower in subjects with peripheral arterial disorder (PAD) than in healthy subjects [5] . At the whole body level of cardiorespiratory function, VO 2p dynamic responses are slower in PAD and diabetic subjects than in healthy subjects [6, 7] . In such disease states, muscle oxygen delivery may be impaired by reduced microvascular blood flow [7] and/or reduced diffusion from blood to tissue [5] . Moreover, PAD, diabetes and metabolic myopathies may impair UO 2m due to altered cellular metabolism [5, 8] . The effects of muscle blood flow and permeability-surface area on dynamic responses of oxygenated hemoglobin and myoglobin in muscle during exercise were studied using a mechanistic, computational model. With this model, which accounts for key transport and metabolic processes [4] , muscle responses to exercise were simulated under normoxic and hypoxic conditions to distinguish the relative contributions of oxygenated hemoglobin and myoglobin to NIRS measurements.
Methods
Oxygen transport dynamics in capillary blood of skeletal muscle are modeled as spatially distributed from arterial to venous ports [4] . The total oxygen concentration C T O 2 ,b (t, v) within capillary blood varies with time (t) and position, which is represented as cumulative muscle volume (ν) from the arterial entrance (ν=0) to the venous exit (ν = V mus ):
(47.1)
On the right side, the first term represents convective oxygen transport, where Q m (t) is muscle blood flow and f cap (t) is the ratio of capillary blood volume to total muscle volume. 
